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The present invention relates to the; detection and 
analysis of motion. It i s particularly; but not 
exclusively, concerned with .detection: pf motion 
measured by interferometer or encoder • systems . 



10 



One way to detect movement is to use encoders based on 
the overlap of a scale with an array of., sensors. The 
scale comprises a series of marks:. As • the marks move 
relative to the sensors, the. relative displacement 
between the scale and the sensors cart be measured on . 
the basis of the output of the respective sensors. 
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A given point within the circle may be .Represented by 
two polar co-ordinates: angle and radius.. The radius 
is a measure of the magnitude of the signal strength, 
and the angle is a measure of • displacement .' 'As the 
angular ordinate increases or 'decreases' the ' 
displacement measured by the system increases or 
decreases. The displacement resolution: of .the system 
is limited by the precision to which the angular 
ordinate can be measured. ' 



r 



In such systems, the simplest case is Wherte :there are 
two sensors which differ by 90"' in phase, for example ' 
one producing a sine output whilst the, othe.r producing - . \< 
a cosine output. If these are presented' o n : mutually 
orthogonal ^e S/ • the possible outputs, can. be considered "'" '" 
as being within a detection circle centred on! the 
origin of the co-ordinate axe 9 - a: Lis^ajous figure. 
At its simplest, that co-ordinate system .may represent 
displacement. . ■ :' '< 



''■J; 
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A development from having a displacement constraint on 
the system, is to have a velocity, constraint, so that 
the change in velocity is no more than one increment 



7i' 



>< 



... .;.^v 



A known way of calculating displacement .Is by sampling 
the signals at periodic time intervals.':.' '. m order to 
establish direction as well as distance," it is 
convenient to divide the circle. into segments, for 
example 90° segments. In this -way, ' a . movement from one 
segment to an adjacent one indicates • direction thus, 
the current position (angular segment y, L [ compared with 
the previous 'position. There are tour- possible 
outcomes. If the segmental difference is : zero, then 
the system assumes that the system. Has ^remained 
"stationary". If the difference is .pins; qrie ' then the 
system assumes that the displacement [has positively 
increased, and if the difference, is minus one then the 
system assumes that the displacement has' negatively / 
15 increased. Finally if the difference is' either +2 or - 
2 then the system flags an over '.speed error since the 
system cannot decide whether the system, has moved in " 
the positive or negative direction; There' are two 
possible reasons why the system flags a .movement by two 
20 segments: either the system is moving at "sufficient 

speed to generate a two segment displacement, \ in which 
case the system flags a genuine bv*r jspeed error; or 
the signals being processed aire noisy, iri which case 
the system flags an over speed error inadvertently . 
These difficulties can be reduced by processing in 
smaller segments, but again there is always orie segment 
which does not carry sufficient information aiiout how 
it is reached; or, by increasing . the sampling. 'r ate, but 
this is limited by the speed of Associated processing 
30 electronics. 



t I 
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between processed data samples. This, [is described in 
EP1103790. In earlier systems, having, ftis.pl a cement 
constraint, the maximum velocity in. a • f bar quadrant 
system was ±1, since a j uxnp ■ of [■ two segments -would flag 
an over speed error. In EPI10379'a this, limitation is 
removed. In the simplest implementation the change in 
velocity (i.e. acceleration) between successive samples 
is restricted to 0 and ±1 i.e. a valid movement is now 
limited (in a four segment system) not 'just to the 
adjacent segment but to the following ' segment . 

In known arrangements involving two or more co-ordinate 
axis systems the minimum requirement is .that . each axis 
system defines three segments fpr example, a first co- 
ordinate axis system defines three 'ajce's- disposed at 
120° with the origin of the co-brdina'te system at their 
intersection, thereby defining the three 1 segments, and 
a second axis system again has three;' axes at :i20° which 
are at SO 0 to the axes of the first system" and 
preferably intersect at the same point . \ Regardless of ' 
whether it is displacement, velocity; or . acceleration 
that constrains the system, the use of 'two ' axis systems 
enables the proportion of the circle 'in which; a valid 
signal is obtained to be increased' compared -to a one 
axis system. Considering displacement,, 'a satisfactory 
movement can only result in a change 'nd '.'greater than 
from one segment to an adjacent one. Movements through 
two segments are not permitted. However, as there are 
two co-ordinate systems, a measurement .that has changed 
by two segments in one system, but only one i'ri another, 
is of doubtful validity but may be accepted (-depending "f 
on .where within the segment the » invalid' ■ measurement '•]'•/> 
lies) . If it changes by two segments in both co- ' 
ordinate systems it is clearly invalid, * and. in this - ■ /'fl 

V *r 

; ; : : < 
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case the system would flag an over speed 'er'ior. 

1 \ * 

The present invention provides' an apparatus, for 
determining movement, comprising:',* * • 

5 means for generating two signals' of different 

phase in dependence on the, relative ppsitioh of two 
objects, the movement of said two objects* producing 
corresponding changes in said two signals; !; 

a processor for processing ' said two signals, 
10 thereby to determine said movement whereby the means 
for processing is on the basis of locating ' successive 
values of constellation state.s of ;tfte "two signals in a 
first co-ordinate axis system comprising '.an axis 
radiating from an origin r said processing means being 
15 arranged to monitor the change in salid '.constellation 
states of the successive values- by 'using at least a 
first and a second data samples which krp- obtained by 
sampling the two signals over time-; 

wherein a second co-ordinate axis systejti 
20 comprising an axis radiating 'from 'an. origin, is provided 
whereby the second co-ordinate axis system is" rotatable 
and prior to sampling the second • data • sample' the second 
co-ordinate axis system is rotated- reiative : to the 
first data sample such that the angular position of the 
25 first data sample with respect to the second- co- 
ordinate axis system is known. ; 

By having a rotatable co-ordinate axis system, a 
movable angular region of uncertainty as to .the 
30 direction of travel can be defined far each reading 

rather than using the technique of counting t;he number 
of segments that have been traversed between the 
sampling of signals. The angular size of this region 
can be related to the characteristics-; of the apparatus 
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20 Alternatively, when at least three sfegmants \ have been 
defined in the second co-ordinate 'axis system, the 
system is rotated such that f irst , si'grnal is 
substantially central to one of ' the se^jeiVts -of that 
co-ordinate axis system, - * t i " ; . 



25 



30 



In this alternate case, the region of uncertainty and 
thus the zone in which an error would be flagged may be 
symmetrically aligned about a iregibn located diagonally 
opposite that where the signal were located i^n the 
circle. Where each co-ordinate .axis; system defines 
four segments, this region would be centrally located 
in the opposite segment. < . 

In the present invention, the' distance : that, pan be 



being used, ' : . ■ ! ' • ' V\: M 



• </ 

V 



f .' 



In a preferred embodiment, the second 'co-ordinate axis 
system is rotated such that ■ the- firJst* signal is 
substantially aligned to the. axis, of the ,rotatable axis 
system, x 

In this case, the region of uncertainty, £nd. : thus the 
zone in which an error would be flagged* m^y -be 
symmetrically aligned about a linfe defined as passing 
through the co-ordinates of the first '..signal and the 
origin i.e., a continuation of the axis; on* the other - 'K J\ 

side of the origin to the first signal, * This rotatable 
zone could be defined by two. further ax^si which have a 
15 common origin with the axis pf the gedond * co-ordinate 
axis system. The angle subtended between '.the two 
further axes would depend on r amongst 'other things, the 
amount of noise tolerated by the apparatus. 



>. 
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moved in each direction prior to art >e rotor, signal being, 
obtained is therefore approximately .equalised thus 
reducing the likelihood of an errpr, dign'a-JL 'and enabling 
an increase in the displacement . that is allowed between 
5 signal samples being taken. This is because the region" 
of uncertainty is aligned to the signal - rather than 
being calculated based on stationary axis' 'systems. 

Additionally, problems due to noise .are mitigated as, 
10 for the determination of direction, ^only the] location 
of the next signal with respect to the rptatable axis 
system is of concern. The location 'with , respect to the 
fixed axis system is irrelevant. - t , 

15 In a preferred embodiment, a prediction >ot the position 
of the next measurement is made oq the b^si$ of 
previous measurements. A processor may be used to 
derive a prediction of a successive value of .the 
constellation of states based on earlier; ox previous 

20 values of constellation states. In this embodiment, 
the region of uncertainty or forbidden'! zone 1$ 
determined by the predicted position of the next 
measurement. Thus, the processor extrapolates, from 
earlier values, the likely signal position when the 

25 next sample vri.ll be taken and the rotatable axis system 
is rotated so that its alignment with the predicted 
position is known. If the measurement '.occurs? in the 
forbidden zone then a error results, , If the;, 
measurement does not occur in the forbidden zone then 

30 it is a valid measurement and, the rot'^table axis system 
is rotated so that alignment is known with ^ respect to 
the next predicted position. The : prediction embodiment 
is particularly useful when applied to ap^ 
a constraint which is a higher order deri 
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change in displacement. ' 

In a second aspect of the invention- there is described 
a method of determining movement, comprising generating- 
5 at least two signals of different -phase' in dependence 
on the relative position of two objects whereby 
movement of the two objects causes corresponding 
changes in the at least two signals, • sampling the at 
least two signals to obtain a data sample) processing 
10 the data sample, on the basis of locating the 

constellation states of the 'at .least t;wo' signals in a 
first relatively fixed co-ordinate, axis system which 
comprises an axis radiating from ah -origin, rotating "a 
second rotatable co-ordinate axis System with respect 
15 to the first co-ordinate axis- system and the data 
sample such that the angular position pf the data 
sample with respect to the second rotatable ^o-ordinate 
axis system is known wherein the second rotatable co- 
ordinate axis system comprises an axis /radiating from 
an origin; and sampling the at least- two. signals to 
obtain a further data sample, ' / ;. . 

Preferably, the second rotatable co-ordinate axis 
system defines a movable angular region of uncertainty 
whereby, if the further data sample' lies within this 
region, an error is flagged. ' • ' 

• ', '. 

Embodiments of the invention will how be described in 
detail, by way of the example, with reference' to the 
accompanying drawings, in which: 

Fig 1 shows an apparatus • for processing '. signals 
from a detector of, for example, an interferometer or 
encoder system; • . f '. : • 
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Fig 2 is a schematic diagram illustrating the 
analysis of measurement points using; a fc>wo axis system 
each system having one axis with displacement as the 
constraint; • . 

5 Fig 3 is a schematic diagram .illustrating the 

analysis of measurement points using' ^ two axis system 
when the rotatable axis system 1 has three, axes; 

Fig 4 is a schematic diagram illustrating the 
analysis of measurement points using a two' axis system 
10 each system having four segments with displacement as 
the constraint; and , 1 . \ \ 

Fig 5 is a schematic diagram illustrating the 
predictive embodiment of the invention' using a two axis 
system each having four segments with *displapement as 
15 the constraint. . ' ' : 




t ,v 



As has previously been mentioned, t^o sensors prQduce 
sine and cosine signals 100, 101 which are fed via a' .\ )y 

differential amplifier 102 tb an, analogue to digital 

'20 converter 103. As an example, signals *5rom encoder and 
interferometer systems may have a DC bias,, and 
therefore a signal 104 corresponding to the -inverse of 
the sine signal (not sine) is al$o subtracted from the 
cosine signal 101 via a second differential .amplifier 

25 105, The o.utput is then fed to ; a . second analogue to 

digital converter 10 6, and the Outputs, of both analogue 
to digital converters 103, 10G are fed to a .processor \» tS }<* 

107, such as a digital signal 'processor (DSP).. If it ' v ?>i ■ 

could be shown that the sine and cosine signals 100/ . V- . 

t * •. w* y 

30 101 were free of a DC component 'within acceptable \ v \ ; !V 

tolerances, then these signals could- be fed jbo / ' 

amplifiers 102 and 105 respectively with out .the need f v 



out the analysis of the signals it .receive^.: ; The 



1 , r , x ' . * : ' I ' 10069521;:: 2 1i- May-;03:ji^1V?l^. 
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25 When .a first reading 162 is takpn/ - t.he rbtatable axis U 
is moved to align the first point 162 to' the \ rotatable 
axis U (as shown in the Fig). The forbidden zone 160 
is of sufficient angular width to prevent ,any valid 
readings being taken when there* is" uncertainly about 
3 0 the direction travelled. For example a second reading 
at 164 would not be a valid reading as it may be 
unknown (for example when the • stationary axig T is 
located within the forbidden zone); whether we travelled 
in a clockwise or. anti-clockwise direction to' reach the 



■ T» 



single axes system is described fif ( st< followed by the 
two axes system. ' , \ , ' 

The processor 107 may include an accumu^tpf-, counter, 
5 or a separate counter 108 may be provided prior 

reaching to a suitable output device; 10-9 such as a 
display unit or servo controller. If ' a sferVo 
controller is used, no separate counter; is 'required as . 
such a controller may have the quadrature; signals 
10 themselves at inputs. It should toe noted' that the 

device thus described may be modified! e.g. by use of a 
single analogue to digital converter • which switches 

between the outputs of the amplifiers 102'. and 105. 

\ < 
> » t 

15 Fig 2 shows the outputs of two sensor$ producing sine 
and cosine outputs/ measured against a *fcWo axis system. 
The outputs are represented by -a circle . 1$0, ' There is 
a first stationary axis system .having 'an, a#is T and a 
second rotatable axis system haying ari axis U. A 

20 forbidden zone 160 is located in k reqipn ;of the circle -\ 

150 which is centred on a line 1S2 that is 'the \//\X>> 
continuation of the axis U through' the ;origin 154 of 
the circle. Ill » 



i* 
' 1 
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point. A second reading at 166 is 'however valid as it 
could only have occurred by travelling in aA anti- 
clockwise direction. This ife because.' tjief size of the 
region of uncertainty (the forbidden zone) is 
5 determined by the noise of the system' in addition to a 
safety region. 

.» 

The axis T of the stationary system> merely defines a 
count up or a count down in the relative' distance moved 
10 by the two objects, depending on the" direction, when 
the signal passes through the axis . 

in Fig 3, the forbidden zone' is defined by. two further 

axes V and W which are arranged having a'* common origin 
15 with each other and axis U and are at least temporarily 

fixed in position with respect to U and 'e^ch other. In 
this embodiment, the readings must always 'be aligned 
with axis tj for two reasons r the angular separation 
between V and W defines the forbidden >zdn$ <^nd is not 
20 necessarily equal to the angular separation UV and UW 

(which may also not be equal to; each ot-herj^/and 
secondly, because there is only; one reference point on 
the stationary axis system (axis. T) . 

25 Referring now to Fig 4 which^ shows the outputs of two 
$ensors producing sine and cosine outputs, nteasured 
against a two axis system. Fig 4 shows & first axis 
system defined by axes A, B, <5 and d; which are 
successively spaced at 90° about a common centre, 
30 These axes define 4 segments 'which' are labelled 1 to 4. 
A second rotatable axis system 50 also ' has,' four axes - 
A r , B' , C and D r which are successively spaced at 90° 
about the same common centre as ithe first' axis system 
and defines' four segments A'B', B'C'C'Dfj D'A'. 
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•The constraint for this system' is displacement. The 
first measured value is at point .10 and; the 'system is 
considered as stationary at .this starting point. . The 
rotatable axis system 50 has been rotated so that point 
10 is aligned with axis D' . in order . to be' confident 
in the next measured reading, it may <S>ccur at any point 
around the circle except zone 60 (shaded) > In this 
narrow zone 60, there is uncertainty' as to which 
direction (clockwise or anticlockwise^ was travelled. 
Thus, a reading at points 11 and 12 are ^'acceptable , but 
not at point 13 as there is uncertainty -in how the 
system arrived there. ; 
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The invention thus allows, even when displacement is 
the constraint, movement through two segments (1 to 3 
for reading 11) of the stationary axis system as long 
as the defined region or zone of uncertainty is not 
entered. This is because only the second- rotatable set 
of axes determines whether the reading ' i s -. acceptable or 
not. The first co-ordinate axis system' counts up or 
down as motion occurs and provides 1 the position of the 
data sample from the angular position of thei reading . 

When it has been determined that the 'next reading 
(point 11) is not within the region. of .uncertainty, the 
rotatable axes 50 are rotated such that one axis, for 
example B' , is aligned to that measurement The 
forbidden zone is now a symmetrical zone about axis D' . 

As there are four axes A,B,C,-D in the stationary axis 
system, there are four count positions per revolution 
so it is less critical in this • example, to have the same 
rotatable axis system aligned with the readings. Of 
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course if the rotatable axis system of Fig 3 were used 
in this example i.e. * three axis system,: then as the 
size of the forbidden zons is determined by two of the 
axes, the same axis (U) would n<Md to' he aligned each 
5 time . ..■/'.' ' 

When an uneven number of axes are used in a - system 
and/or when the segment siz^s are- o* differing sizes , 
the centre of the region of 'uncertainty' will be found 
10 located around a continuation of 'the* line drawn from 
the measured position through the origin. The 
forbidden zone need not be symmetrical and qan be 
varied in size depending on curteht working conditions. 

15 In Fig 5, the same four segment systenr is used however 
in this case the predictive 'embodiment- is • described. 
In order to enable fast relative motion .between two 
moving parts, it is desirable to predict where the next 
measurement will occur i.e. what the signal .outputs 
will be as this allows a comparison to be made between 
the actual and predicted rather than requiring time to 
process the difference between the- successive positions 
to determine allowability i.e. whether an error has > 
occurred. • '.'*'•' 
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For prediction, at least two, previous measurements are 
necessary to predict the next reading., <Iri this case, 
as a displacement is the constraint, two previous 
measurements are required. if reading two is at 20 and 
the processor predicts based on readings one and two 
that at the next measurement the position will occur at 
point 21 and the direction of travel is known (from the 
previous readings) to be anti.-rclockwd.se, i then under 
known systems, this would not be allowed {,as ' the 
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difference is -2) . However, when predictions are made 

using a rotatable set of axes, the .'situation changes, .V.; 

In this case, the forbidden zone 60 is associated with 

the predicted location 21 not the current, location 20. < 

5 As long as the next measured value 'doe.s riot lie within 

forbidden zone 60, which is located about. 'axis B' as / 

this axis is found 18 0° round the circle ttom D' which 

is where the prediction 21 is located, t*W measured [• >'!.*' 

value will be accepted as a valid reading. * If, ;, *'*\>T: 

10 however, the measured value lies within- the forbidden \f 

r t * 

zone 60, then a change in velocity either positive or , 
negative that is not allowed has occurred:. ' ;This is /, 
because the predicted value is based on the recent 4 r ^ *fi 

trend in velocity of the relative* mbtion of the system. . 
IS Thus the forbidden zone defines the region in which v''rs 
either the motion has slowed dgwn too -quickly or has * 
speeded up at too fast a rate to b'e' alibied. 

. ' - • 1 { V ' v>„ 

To predict the location of the .next reading,; it is 1 's'M' 

20 initially assumed that velocity lis constant, then the \ tir )J: 
difference between the previous two - phase t ahgle .0? 
positions (a value for the velocity) is ''added to the 
last reading to provide a predicted . location for the 
next reading. Due to noise and fact . that ; this velocity 
25 may vary to some degree without affecting : thp validity 

of the next reading, the predicted location jnay lie 1 * 

within an range of phase angles without th£ • next ; \ ' ' v, 

reading being invalid* The remaining phase angles are 
situated within the forbidden zone. ■ )'' 

The prediction can be offset from the Icalcul^ted 
location by an angle 0 in order to ' take ;into* account 
external factors such as friction within .the • system 
otherwise, over time, the location . of xhe ,n£xt reading 
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may drift towards the forbidden ±one. 




If the constraint on the system wer.e .velocity, then the 
same principle applies for predicting the next location 
except that when the calculation is mjade, it is assumed ' 
that acceleration is constant for the> time intervals 
between the two previous readings ;and the-, next reading 
is made. Likewise for situations in. which Acceleration 
is the constraint, it is jerk that is : assumed constant. 
For this situation three prior t readings a^e required. ' 
Thus, the prediction is derived on the laasls of a 
predetermined constraint on permitted .Variations in the 
successive values. ; : : , : f ■ '/ > " >r~r 
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15 For systems where displacement -and veXocity are the : -"'^ 

constraint, three (or more) previous readings may be ; V; 

used in this case, the velocity or acceleration value ' ' -'^ 

is an average of two (or more) previous sampling ^ V *V'-.'. 

intervals , ' ' % ' * - '■<' 

The problem of noise, which was, mitigated by the V.-v 
invention disclosed in EP1103790 ±$ F< .wit.h ;ttU ' ] 

application of the present invention,, further reduced, '. x\* § ^ 
This is because the location of £h$ :last measurement 
25 compared to the current measurement is: no longer 

constrained by the use of fixed axes. ; The use of one 
set of fixed axes to determine absolute ppsi'tion and 
thus provide the counting feature and one £qt : of 
rotatable axes to provide the 'limits and thus define 
where a valid reading occurs means that as we'll as the 
zone of uncertainty being narrowed" the ' possibility of a 
wrongly determined error is also reduced. 

In all the examples described, . the' two i co-ordinate axis 



21-MRY-2003 13:23 FROM RENISHAU PLC 



TO 901633814444 



P. 17 



n 



15 



systems have shared a common origin. 'Thxs'is 
convenient as it ensures overlap b^tswjeen the two 
systems throughout the angular* rang-© of the 'systems, 
but is not essential. ' " 
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